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Signs and Symptoms
The signs and symptoms of concussion were grouped into 6 categories: general symptoms, somatic complaints, cranial nerve findings, cognitive abnormalities, memory problems, and unconsciousness. A large and inclusive list was selected to capture all possible clinical signs and symptoms with concussion in professional football players. The rationale for the various signs and symptoms can be found in earlier studies. 4, 7, 8 Return to Play NFL team physicians clear a player for return to play after they are asymptomatic and have a normal neurologic examination. 2, 3, [8] [9] [10] Return immediately. The player returns after an evaluation by the team physician demonstrates that he is asymptomatic. Depending on the game, the period of rest may be minutes or possibly an hour or so before the player gets back on the field.
Rest and return.
The player is evaluated, and a determination is made that there should be some protracted time before a return to play.
Removed from play. The player is not allowed to return to the game or session in which he was injured.
Hospitalized. The player is admitted to the hospital for evaluation and head radiograph, computed tomography, or magnetic resonance imaging.
Days Out
Days out is defined as the time between the date of injury and the return to full and unlimited participation. 4, 7, 9 The player must be able to perform all activities of the session at the same intensity as teammates. The recent 6 years of data and the full 12 years were evaluated for the time between repeat injuriesincluding the mean, median, minimum, and maximum days between concussions.
Statistics
Descriptive statistics were used to characterize those players who had a single concussion and those who had repeat concussion during the 6-year study. Chi-square analyses were used to compare the presence of individual signs and symptoms, the medical action, and the management of those with repeat concussion to those with a single concussion. Furthermore, t tests were used to compare the mean number of signs and symptoms for those with single and repeat concussion. Odds ratios (ORs) with 95% confidence intervals were used to summarize the magnitude of associations. Paired t tests and McNemar tests were used to compare those same items for players on their first and second concussions within the 6-year study.
results
Repeat Concussion in the 1996-2007 Seasons
Out of 1200 concussed players, 353 (29.4%) experienced repeat concussion (Table 1) During the 12 years, the offense had a higher frequency of single and repeat concussions. With > 3 concussions, the defense was more involved (Table 2) . Individually, the position groups most often associated with repeat concussion were the defensive secondary (17.3%), kick unit (15.0%), wide receivers (11.3%), and running backs (10.2%). The ORs were not statistically significant from 1.00; however, the odds for repeat concussion were highest for the quarterbacks (OR = 1.55), tight ends (OR = 1.25), and wide receivers (OR = 1.22).
The signs and symptoms of a third injury were as follows: headaches (62.7%), dizziness (41.3%), problems with immediate recall (18.3%), and blurred vision (15.1%) ( Table 3) . These frequencies were not much different from those with a first or second concussion. Loss of consciousness was slightly higher with a third injury compared with a single concussion (8.7% vs 5.7%).
The most common action with a third injury was rest and return (45.2%), which was similar to removal from play (42.9%) ( Table 4) , and both of which were similar to the action taken on the first and second injuries. A slightly lower percentage of players returned immediately with a third concussion compared to a single or first repeat concussion (10.3% vs 12.3% and 14.2%).
Comparing Repeat Concussion Between 1996-2001 and 2002-2007
During 2002-2007, the offense had a higher frequency of single and repeat concussions, but with > 3 concussions, the defense was higher: defensive secondary (16.8%), kick unit (12.9%), running back (11.6%), and linebacker (11.6%) ( Table 5 ). None of the ORs was statistically significant from 1.00; however, the odds were elevated for wide receivers (OR = 1.44), tight ends (OR = 1.31), and linebackers (OR = 1.21). During 1996-2001, the highest ORs were for the quarterback (2.32), tight ends (1.24), and linebackers (1.23). The odds for multiple concussion was significantly lower in quarterbacks for the recent 6 years (0.73 vs 2.32).
During 2002-2007, the highest frequency of 3+ concussions involved the secondary (25.0%), wide receivers (15.9%), and linebackers (13.6%). The highest involvement during 1996-2001 was the secondary (17.3%), followed by wide receivers (13.5%). There were a higher fraction of players with photophobia (9.1% vs 3.8%), blurred vision (22.7% vs 11.5%), problems with information processing (18.2% vs 5.8%), and fatigue (14.0% vs 7.7%) in 2002-2007. These trends were somewhat parallel in players with a single concussion and a first repeat concussion.
The signs and symptoms with the highest frequency in players with 3 concussions were headaches (65.9%), dizziness (40.9%), and blurred vision (22.7%). The medical action taken after concussion was compared for the 2 study periods ( (Table 7) .
Days Between Repeat Concussions
The average time between concussions was 456 days, with a median of 371 for the recent 6 years (Table 8) . For 12 years, the average time between concussions was 603 days, with a median of 406. The majority of players (89.8%) had more than 28 days between concussions, with only 5 players (0.9%) experiencing a repeat concussion the same day and 15 (2.8%) within a week.
discussion
The most striking finding of this report is that the incidence of repeat concussions remained the same during the 2 consecutive 6-year periods. This occurred despite the fact that, during the second 6-year period, a significantly lower percentage of players who sustained concussion returned to play on the day of the injury and a significantly higher percentage of players who sustained a concussion were held out of play for more than 7 days. 4 The incidence of repeat concussion does not appear to be affected by the apparently more conservative management of concussion by NFL team physicians during the second 6-year period. The independence of the incidence of repeat concussion from return to play decisions is expected. The data indicate that the median time between concussions in NFL players is more than 1 year and that few repeat NFL concussions occur in the first few weeks following an initial concussion. Only 10.2% of NFL repeat concussions occurred within 28 days, 3.7% within 7 days, and only 6.7% within the first 2 weeks. These NFL results contrast with those reported in collegiate football players that suggested an increased risk of repeat concussion in the first 10 days following a concussion. 6 The reasons for this difference are unknown.
The earlier 6-year finding 4 that second-impact syndrome was not seen in the NFL is now extended to a 12-year period. During any 6-year study period of the NFL, there will be some players who began their careers before data collection began and some players who completed their careers after data collection ended. This might have artificially lowered the reported incidence of repeat concussion in NFL players. The incidence of repeat concussion during a 12-year period is less subject to these limitations because a higher percentage of players would have played their entire NFL careers within the dates of the study.
In sum, 353 players had 2 or more reported concussions during the entire 12-year period: 160 players had 2 or more from 1996 to 2001 and 155 players between 2002 and 2007 (see Table 1 ). Thirty-eight players had an initial concussion during 1996-2001 and sustained a repeat concussion between 2002 and 2007, which explains how 29.0% had repeat concussions during the 12-year period whereas only 24.6% had repeat The 12-year data also demonstrate that special-team players have a statistically increased risk of sustaining a repeat concussion (Table 2) . Given the high-speed collisions that are an integral part of special-team play, this finding is not unexpected. The 12-year data also show that offensive linemen have a statistically significant lower risk of repeat concussion compared with other players (Table 2) . Given the relatively low-velocity collisions seen in most offensive-line blocking activities, this finding is not unexpected.
There were no apparent clinical differences in the signs and symptoms of concussion between single and repeat concussions. There was a statistically lower incidence of anxiety and cognitive/memory problems as a result of repeat concussion during the second 6-year period compared with the first.
During the 12-year period, there were no differences regarding the percentage of players who returned to play on the day of the injury after a single, second, or third concussion. Overall, a significantly lower percentage of players with a 4 There was a trend toward a similar decrease in players with first or second repeat concussions in the more recent period. This trend did not reach statistical significance.
suMMary
The defensive secondary, kick unit, running backs, and linebackers have the highest incidence of repeat concussion in professional football. There were no apparent significant clinical differences between single and repeat concussions. The incidence of repeat concussion seems to be independent of the more conservative medical management of concussions that characterizes the 2002-2007 period. 
